INTRODUCTION {#s1}
============

Fear avoidance beliefs (FAB) has been reported to cause chronic low back pain (CLBP)[@r1], [@r2]^)^. According to the FAB model, when an injury occurs, patients experience pain and avoid movement due to the fear of pain. In the long run, this can result in insomnia, depression, and disability[@r3]^)^. In previous studies, FAB exacerbate the response to physical therapy[@r4]^)^, and show a positive relationship with the activity of core muscle in patients with chronic low back pain[@r5]^)^. On the other hand, physical fitness is closely related to the improvement of cognitive ability and psychological factors. Cognitive ability may improve with increased strength and aerobic exercise[@r6]^)^. Higher aerobic capacity, muscle strength, and flexibility were the physical capacity variables that contributed to less symptoms of depression[@r7]^)^. To our knowledge, there are no prior studies that demonstrate the relationship between physical capacity (PC) and FAB in CLBP patients. Although Demoulin et al.[@r8]^)^ performed a regression analysis to identify the effect of PC on FAB, PC was limited to flexibility, strength, and endurance of the back muscles with no objective assessments. Verbunt et al.[@r9]^)^ has also reported the correlation between PC and FAB. In addition, in this article, the measurements of PC included cardiopulmonary capacity and an unreliable questionnaire. Therefore, the purpose of this study was to investigate the relationship between PC (measured by hand grip force, leg strength, abdominal endurance, flexibility, and cardiopulmonary endurance) and FAB using objective evaluation equipment and a reliable questionnaire in CLBP patients.

SUBJECTS AND METHODS {#s2}
====================

A total of 131 male university students, who were treated at the clinic of orthopedic surgery in Gyeonggi Province, were included in this study. The inclusion criterion was a history of non-specific LBP with symptoms lasting longer than 3 months. Individuals were excluded if they had a history of back surgery, a neurologic disorder, or other musculoskeletal disorders. Also, those who complained of pain during physical capacity test were excluded from this study. The average age was 21.6 ± 1.3 years old (± SD \[standard deviation\]); the average height was 175.9 ± 5.5 inches; and the average weight was 72.8 ± 11.1 kilograms, with an average BMI of 23.5 ± 3.2. Participants completed the fear avoidance beliefs questionnaire (FABQ). Subsequently, PC was measured by objective equipment. Yongin University's research ethics board approved the study protocol (2--1040966-AB-N-01--20-1603-HSR-050). All subjects provided informed consent for their inclusion in the study. FAB was evaluated by using the Korean version of the FABQ, which showed good test-retest reliability: ICC (3, 1)=0.90 (FABQ for physical activity) and 0.97 (FABQ for work)[@r10]^)^. PC was measured using the Inbody u-town health fitness test (Biospace Co., Ltd.). Hand grip force (HGF), leg strength (LS), abdominal muscle endurance (AME), flexibility (FB), and cardiopulmonary endurance (CE) were measured as part of the physical capacity variables. The HGF test was performed for 3 seconds with the subject's dominant 2nd--5th mid-phalanx fingers facing the handle. LS was measured based on results from an isotonic dynamometer on the dominant side. Two submaximal trials were performed. AME was determined based on the number of sit-ups completed in 30 seconds. A sit and reach test was also conducted to quantify FB with a digital measuring instrument. The best result of the 2 trials was reported for HGF, LS and FB. CE was assessed with a seated bicycle trial after the resting heartbeat was monitored for 1 minute. Each subject was positioned with their knees flexed at a 10-degree angle, and instructed to maintain a speed of 50--60 revolutions per minute (RPM) for 6 minutes. Once completed, their heart rate was measured and compared to their resting heart rate. We then used the Pearson correlation to examine the relationship between PC and FAB. A stepwise, multiple regression analysis was used to identify the predictors of PC in FAB in CLBP patients. Analysis was performed using SPSS for Windows (version 21.0), with statistical significance considered to be a p-value of less than 0.05.

RESULTS {#s3}
=======

The mean values and SD of HGF, LS, AME, FB, CE, fear avoidance beliefs about work (FABW), fear avoidance beliefs about physical activity (FABPA) were 42.7 ± 6.7 kg.f, 48.2 ± 12.9 kg.f, 18.1 ± 7.4, −1.9 ± 11.5 cm, 47.5 ± 9.7 ml/kg/min, 25.5 ± 8.1, and 15.8 ± 4.7, respectively. LS and AME were negatively correlated with FABW ([Table 1](#tbl_001){ref-type="table"}Table 1.Relationship between PC and FABW of the participants (N=131)VariablesFABWLS−0.180\*AME−0.193\*PC: physical capacity; FABW: fear avoidance beliefs about work; LS: leg strength; AME: abdominal muscle endurance\*p\<0.05); and HGF, LS, CE were negatively correlated with FABPA ([Table 2](#tbl_002){ref-type="table"}Table 2.Relationship between PC and FABPA of participants (N=131)VariablesFABPAHGF−0.184\*LS−0.177\*CE−0.263\*\*PC: physical capacity; FABPA: fear avoidance beliefs about physical activity; HGF: hand grip force; LS: leg strength; CE: cardiopulmonary endurance\*p\<0.05, \*\*p\<0.01). In the stepwise multiple regression, AME was a significant predictor of FABW; and LS and CE were significant predictors of FABPA ([Table 3](#tbl_003){ref-type="table"}Table 3.Stepwise multiple regression between PC and FAB (N=131)VariablesIndependent variablesBSEβR^2^pFABWAME−0.210.09−0.190.0370.027FABPACE−0.120.04−0.260.0620.02PC: physical capacity; FAB: fear avoidance beliefs; FABW: fear avoidance beliefs about work; FABPA: fear avoidance beliefs about physical activity; AME: abdominal muscle endurance; CE: cardiopulmonary endurance).

DISCUSSION {#s4}
==========

Patients with greater leg strength are more likely to perform independently in their activities of daily living[@r11]^)^, and also abdominal muscle strength has a significantly positive correlation with activities of daily living and balance[@r12]^)^. Waddell et al.[@r13]^)^ found that FABW was a predictor of disability for independent activities of daily living. Therefore, it is considered that there is a significant correlation between LS, AME, and FABW in this study. Additionally, the subjects in this study were university students. University students spent eight hours per day on sedentary activities[@r14]^)^. As the sitting time increased, the AME decreased and lower levels of AME were closely related to lower levels of activities of daily living[@r15]^)^. Therefore, it is considered that if AME is weak, the sitting posture maintenance time will be reduced, which can affect the students' ability to work. AME appeared as predictor of FABW in this study.

On the other hand, there was a significantly negative correlation between pain intensity and muscle strength of the leg and hand on the side with pain[@r16]^)^. There was also an increase in pain intensity that increases with the FABPA, leading to less use, which further contributes to the severity of pain. Therefore, it is considered that a correlation exists between the muscle strength of the hand and leg and FABPA. Also, a hesitation to remain active can have a detrimental effect on the cardiopulmonary system, as well as on the musculoskeletal system[@r17]^)^. This may be the cause of the significant correlation between CE and FABPA. In the present study, CE appeared to be a predictor of FABPA in the regression analysis. FAB was a predictor of an isometric spinal muscle deficit[@r18]^)^. Also, the time increase of static movement is closely related to lower CE[@r19]^)^. Therefore, it seems that CE may have influenced FABPA in this study. Maintaining the daily activities that are related to physical abilities can sustain and even increase CE[@r20]^)^. Therefore, it is necessary to maintain daily activity to improve FABPA of patients with chronic low back pain. The present study has some limitations. Because this study was a cross-sectional study, it is difficult to ascertain causation, although there is a correlation between FAB and PC. Therefore, future prospective research is necessary to further explore this relationship. In addition, the subjects in the present study are male, university students and do not represent all subjects. Future studies should include a more diverse sample that would allow for generalized result that could be applicable across patients of different age groups and genders.
